UVirradiation also led to methylation in exon I. The extent of methylation increased depending on the dose of MNNG and UV. The results suggested that methylation takes place in transcriptionally active c-myc responsible for carcinogens and is caused by mechanisms different from that of alkylation in a specific CpG site. Possible contribution of methylation to less repair found in c-myc is discussed. INTRODUCTION A cluster of mutations is often found in the first exon of c-myc (1) and the possible involvement of mutated c-myc in human carcinogenesis (2) has been suggested. Recent studies (2-4) have suggested not only less repair in c-myc after DNA damage by MNNG or UV but also a causal relationship between less repair and mutation of c-myc, although the cause of inefficient repair is uncertain. ethidium bromide. The amount of DNA was estimated by using 4', 6-diamidino-2-phenylindole dihydrochloride (Nippon Gene, Tokyo).
Quantitation of the level ofinethylation: The extent of methylation was determined by parallel PCR assays in which 5' primer 2 was omitted. After electrophoresis, the DNA was transferred to a nylon membrane and hybridized with a 32P-labeled Pvu II fragment (nucleotides -352 to +511, Fig. 1A ) prepared from pMyc 6514 prior to autoradiography. The autoradiographs were analyzed with a Bio-Image Analyzer (Fujix BA100, Tokyo).
The level of methylation (%) was determined by dividing the signal from the PCR products after Hpa II digestion by that of the PCR products not digested with Hpa II and multiplying by 100. The Methyl ation State ofHpa II Site 1
RESULTS

Methyl
We investigated to find whether or not methylation occurs at an Hpa II site located upstream of the P1 initiation site (Fig. 2) . The background level of the mock-treated cells was used as a template. The PCR products of DNA obtained from MNNG-exposed cells were not greater in concentration than the background level for this site, although the assays were carried out under conditions in which the reference PCR products (224 bp) were efficiently synthesized by each DNA sample. The findings suggested that site 1 appears to be scarcely methylated and remains unmodified after post-treatment with MNNG.
The Effect of UV-irradiation on Site-specific Methylation
The results in Table I indicate that the Hpa II site 2 also undergoes methylation following exposure to UV. UV-irradiation, at doses reducing the cell survival to 80-37% (8), increased dose-dependently the level of methylation. This finding raises the possibility that carcinogen-induced methylation might also be a DNA modification regardless of oncogene expression.
Methylation within the CpG islands can contribute to alteration of the chromatin structure (16). As has been suggested by DNase I-digestion analysis (7), carcinogen-induced methylation could also lead to change in the chromosomal assembly of the CpG island in the Thy-1 gene, whose expression is not always regulated by methylation. We propose the notion that methylation and the subsequent change in chromatin structure may be a cause of poor repair found in c-myc after DNA damage, since these epigenetic changes have been shown capable of interfering with the accessibility of DNA alkylation adducts (17) or pyrimidine dimers (18) to repair enzymes. This notion is underscored by the fact that some tumor cells have mutations around the CpG site in exon I (19), at which we have observed methylation. Since it is likely that multiple sites of methylation favor alteration of the chromatin structure, study of methylation at the other CpG sites should shed light on the inefficient execution of repair in c-myc.
